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I. Introduction

It is a well known fact that vehicle operational characteristics, in
particular vehicle driving speeds, are one of the factors that affect a
vehicle's fuel economy. It has been found that as a,vehicle's speed
increases beyond 45 mph, its fuel economy decreases.” The purpose of

this report 1is to combine and present all existing public information on

the amount of vehicle operation at speeds greater than 50 mph. An
extensive data search was conducted to gather information om the amount

of miles travelled and time spent in these high speceds. These amounts

are then compared to the same parameters calculated from the EPA dynamometer
driving schedules.

II. Tata Presentation

Three primary sources were used for gathering the vehicle speed informationm.
These sources were: the Federal Highway Administration’s Highway Statistics

for 1974 and 197%; Scott Research Laboratories' Vehicle Operations Survey;
and General Motor's Chase Car Survey. A summary of the data from each
source is presented in the following sections.

A. TFedeval Highway Administration (FlwA)

The FHwA. gathers its vehicle miles travelled and speed data from State
highway departments. Therefore, the information presented in this

section is tased on statistics summarized for most states and in some
cases for all the states in the nation. Tables 1 and 2 correspond to
Table VS~1 from the 1974 and 1975 Highway Statistics . Notice in parti-
cular the column that is heavily outlined. This column gives the percent
of passenger cars exceeding 50 mph when the traffic is free-flowing,

that is, the only obstacle for reducing their speed is the speed limit.

If these percentages are weighed by the percent of Vehicle Miles Travelled
{WMT) on these roads, we can then obtain a weighted average of the

percent of vehicles exceeding 50 mph for the urban and rural roads, and
for the U.S. total for free-flowing traffic. The weights were derived
using the information in Tables 3 and 4 that correspond to the Highway
Statistics' Table VM-2 for 1974 and 1975. These data and the computations
performed for estimating the weighted averages can be found in Table 5.
The averages are highlighted by a square box. These estimated averages

do not include data for all the different FHwA road classifications

since not all the road categories in Table VS-1 are the same categories
that are found in Table VM-2. However, all the principal heavily travelled
roads are included and these roads account for more than half of the

total United States road mileage. In addition, the fact that not all

the roads were included in the analysis is not likely to affect the
calculated averages significantly since some roads left out were high
speed roads and some were low speed roads. Thercfore their effect on

the average should cancel each other out. The road types that are not
considered for the calculations are marked with an X on Tables 1 to 4.



Table 1
AVERAGE SPEEDS AND PERCENTAGES OF FREE-MOVING VEHICLES EXCEEDING VARIOUS SPEEDS, -

BY TYPE OF HIGHWAY — 1974!
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AVERAGE SPEEDS AND PERCENTAGES OF FREE-MOVING VEHICLES EXCEIDING VARIOUS SPEFDS,
BY TYPE OF HIGHWAY - 1975

Table 2
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'VEHICLE MILES, BY STATE AND HIGHWAY

Table 3
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VERICLE W'_ES, BY STATE AND HIGHWAY SYSTEw -~ 1975 . "f'
Table 4 .
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Table 5

Estimate of the Percent of Passenger Cars Exceedlng 50 mph for Free-Flowing

Trafflc by Area and Road Classificatlion for 1974 and 1975

Road_Type VNT* Weight
Urban Interstate Completed 109,647 .316
Urban Primary 173,028 .500
Urban Secondary 63,684 .184
Total 346,359 1.000
Rural Interstate Completed 104,408 .218
Rural Intcrstate Travelled-Way 14,655 031
Rural Primary 205,734 .430
Rural Secondary 153,824 .321
Total 478,621 1.000

* Source: U.S. Federal 'ighway Adefinistration, lighway Statistics, 1974 and 1975.

Urban
1974
% P.C.
Over Welght »
50 mph* Percent
71 22.4
25 " 12.5
.0
35.5
Rural
92 20.1
78 2.4
72 31.0
48 15.4
68.9

he Vol

118,225
160,126
48,744

327,095

111,972

13,168
13,436
158,370

496,946

1975
% pP.C.
Over Wefght x
Welpht 50 mph  Percent
. 361 80 28.9
.490 23 11.3
. 149 11 1.6
1.020 41.8
'
.225 94 1.2 T
.027 94 2.5
<429 79 33.9
.319 61 19.5
1.000 77.1



Table 5 (cont)

U.S. Total

1974 1975
A L R L o
A : Over Welpht x Uver  Wefpht x
Road Tvpe AT Weight 50 mph  Percent wir Wedght 30 mph  Fercent
‘Urban Interstate Completed 109,647 .13} 71 9.4 118,225 144 g0 1L.5
Urban Primary 173,028 .210 25 5.9 160,126 194 23 4.5
Urban Sccondary 63,h84 077 5! a2 48,744 .059 11 .6
Rural Interstate Completed 104,408 127 92 1.7 111,972 L1136 94 12.8
Rural Interstate Travelled=-Wav 14,05 .018 78 1.4 13,168 016 94 1.5
Rural Primary 205,734 . 249 12, 17.9 217,436 L2539 79 20.5
Rural Sccondary 153,824 . 1dh a8 8.9 158,370 92 61 11.7
Total 324,980 1,000 !55.8 8.4,041 63.1
| Q. -

-l—



The calculated averages for the U.S. total found in Table 5 (54.8% in

1974 and 63.1Z in 1975) therefore indicate that for free-flowing traffic
in the United States, a significant number of the passenger cars travelled
4t a2 speed greater than 50 mph during both 1974 and 1975. The large
amount of travel at these high speeds therefore 1is increasingly important
becsuse of 1rs significant impact on the nation's overall vehicle speed
pattern and primarily on its fuel economy.

Anothier uscful piece of information that can be estimated frem Tzhles 1
thre 4 is the percent of urban, rural, and total U.S. VMT at spceds
grearer than 50 mpn. These percentages provide 2 more accurate picture
of the amount of travel done in excoss of that speed. In order to
estimate these averaz: percentzyrs, applied protability statistics
computations were needed. The assunptions and medeilng required to
derive the following equation cin be found in Reference 3.

™, > \
\‘ﬂl X pl("SO) + \’.‘fl‘2

>50mph DV F VT, * ...+ W

X p2(>50) + ...+ WMT x pn(>50)

7 \NMT/ x 100

where
\?Wi = Vehicle Miles travelled on road type 1

hi (>50) = Percent of passenger cars travelling at speedsa
greater than 50 mph on road type 1

For calculation of the ¥ Urban VMT/>50 mph and % Rural VMT/>50 mph, the
VMT,’s and p,’s would be those corresponding to the urban or rural areas
only. The road classification: used were the same cnes used for the
previous analysis. The resulting npercentages are presented in Table 6.
The ¥ WMT at other speeds were also cal~ulated and are presented in

(=24

histogram form on Figures 1 to 3.
Table 6

Percent of Vehicle Miles Travelled in
Excess of 50 mph

Area 1974 1975
Urban 35.5% 41.8%
Rural 68.8 77.0
U.S. Total 54.8 63.1

The percentages probably increased consistently for the urban and rural
area in 1975 because 1974 was the first year when the maximuc speed
limit was reduced to 55 mph. Drivers were most probably more aware of
thefr speed in 1974 becruse of the new adjustment. Data for 1976 is
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still not available and even if it were available the same comparisons
could not be made since the FHwA road classifications were changed fcr
that yvear. However, the speed trends for main rural highways in Figure

4 show a slight incrcase almost each vear in the average speed driven by
passenger cars. This same trend can also be seen for the percentage of
vehicles exceeding 50 mph except for the three years before 1974. - Some
of this trend can partly be explaine2 by vehicles having an increasing
power/welsht ratio up until 1970. 1In additicn, road improvements continue
to be made thereby increasing the speed limits in some roads. Therefore,
it would seem likely iliat the amount of driving in excess of 50 mph
would not decrease for 1976.

A comparison can be made of these percentrages teo the percent of miles
travelled ovar 50 mph by the Highway Dvnamometer Driving Schedule (RDDS).
Fer this schedule, 46.5% of all the speed points are over 50 mph. 1In
terms of distance travelled, these speed points account for 54.0% of the
total length of the schedule. Recall that th: percentages calculated
from the THwA statlsticq are for free-flowing traff1c, where stops signs
and stop lights or other factors .that can cause a reduction in speed are’
not accountred for. The highway c¢ycle has these same characteristiecs of
free-flowing movement, however, 1ts amount of speed over 50 mph is
significantly less than the U.S. percent of WMT exceeding that speed for
1975 (63.1%). The difference is even larger than the numerical difference
hetween 54.0% and 63.1% for 1975 since this last percentage includes
free-flowing traffic within the city where the speed travelled at is
much slover than on highways outside the city.
It would be more accurate to compare the HDDS percentage to the results
for the FuwA Rural Highways. The HDDS was actually constructed by
driving an instrumented test vehicle over a variety of non-urban roads
and highways reflecting the correct proportion of vehicle operation over
four main rural road types as classified by the FHwA. It was designed
in this wanner in order to complement the UDDS that characterizes urban
driving only. Therefore, the difference between the HDDS and FHwA data
is even larger since 68.8% of the VMT in rural roads were travelled in
excess of 50 mph in 1974 and 77.9% in 1975.

Therefore, it appears that the EPA highway driving schedule doec not
include sufficient current real-world high speeds. This is in most part
due to the fact that the data used for developing the HDDS was collected
in 1974 by driving the instrumented test vchicle on rural roads in the
southeast part of MMichigan and a freewav segment in northern Ohio. The
‘vehicle was driven hy a trained EPA employvee who simulated as much as
possible the general traffic speed. In Chio, however, the driver purposely
maintained a maximum speed of 55 mph since the freeway travelled on was
already subject to that speed limit. The intent was to develop a rural
driving schedule that reflected the anticipated nationwide 55 mph speed
limit.
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- B. Scott Research Léboratories, Inc. !

The study conducted by SRL consisted of a fiye-city survey of automobile
driving patterns using the chase car method. These cities were Los
Angeles, Houston, Cincinnati, Chicago, and New York City. Therefore,
their results will reflect metropolitan driving characteristics only,
including both freeway and non-freeway travel in the city.

One of SRL's approaches to reduce their large data base was to prepare
mode-matrices for each city and for the five-city composite. One of
these matrices, the Normalized Time in Mode Matrix, proviies the percent
of vehicle operating time for 196 modes. These 196 modes result from
the matrix having that amount of cells where each cell represents a
particular mode. Table 7 is a copy of that matrix for the five-city
composite. One of the pieces of information that can be extracted {rom
the table is the percent of total vehicle operaticn time above 50 mph in
the city.

The matrix is & lirtle cohfusing on its own and thus requires some
explanation in orde’ to understand how the percent is derived. All
crulses can be founa zlong the diagonal of the matrix that runs from
upper left to lower right. JIf we were interasted in the percent of time
spent cruising at 55 mph, that percent would be found at the intersection
of zn initial speed of 55 mph and final speed of 55 mph, 1..806%. The
percent of time spent cruising at speceds greater than or equal to 55 mph
would be the sum of the last three pércentages on the diagonal, €.166%Z.
The percent of time spent in accelerations can be found sbove the~cruise
diagonal. An .acceleration from 30 mph to 55 mph would occur .038% of

the time. The percent of time spent in accelerating to speeds greater
than or equzl to 55 mph is the sum of the percentages under the {inal
-speeds of 55, 60, and 65 mph up until the figures before the diagonal
cruises. 7This percent adds up to 1.972%. For decelerations, the procedure
is the sane, except that the figures are found below the cruise diagonal.
“he percent of time spent decelerating from speeds greater thaa or equal

to 55 mwph would then be calculated by adding the figures on the rows
next to 535, 60, and 65 mph up until the figures before the diagonal.
This percentage is 1.8207%

Except for the lowest speed, zero, and the highest speed, 65 mph, each
speed .includes all data from 2.5 mph below that speed to 2.5 mph above
that speed. Therefore, the calculations for 55 mph include data from
52.5 mph to 57.5 mph. If we add the calculations made in the previous
paragraph, we then have a good estimate of the percent of total time in
operation above 52.5 mph. This percent adds up to be 9.958%, that is,
approximately 10% of city operation time. Therefore, 10% wouid be a low
estimate of the city operation time in speeds greater than 50 mph.

The Urban Dynamometer Driving Schedule (UDDS) is represeantative of
metropolitan Los Angelgs driving in 19¢9 and contains a freeway segment
travelled in the cicy. Of all the speed points in the schedule, 3.87%
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COMPACTED

] INITIAL
SPEEDs O©
HPH

0 13.060
5 0.577
10 0.419
15 0.505
20 0.943
725 1.829
30 2.419
35 24142
40  1.267
45 0.477
50 0.160
55 0,085
60 0.043

0.037

Table 7

HORKALIZED TOTAL TIME MATRIX FOR 5-CITY COMPOSITE .

5

0.582

0.746

0.207
0.286
0.454
0.488

0.394

-0.206

0.007
0.026
0.012
0f013

0.014

10

0.559
0.293
0.769
0.303
0.298
0.395
0.441
0.369
0.158
0. 064
0.031
0.013
0.006

0.005

15

0.668
9.253
0.345
0.941
0.401
0.465
0.471
0.320
0.102
0.074

0.Nn22

20

-1.025
0.299
N.422
N.509
1.633
0.725
N.560
0.311
0.152
0. 065
0.027
0.01)
0.006

0.002

FINAL SPEED, MPH

25

1.891
0,442
0.546
0,509
0.878
3.518
1.136
0.493
0.193
0.072
0.0734
0.018
0,007

0.001

30

35

40

2.631 2.314 1.321

0.500
0,519
0,542
0.641
1.2%6
5.463
1.10)
0.318
OUell4
0.C235
0.023
0.010

0.002
i

0.n627
0.381
0.425
0.357
0.541
1.228
54255
0.775
0.214%

0.059

0.032

0.020

0.008

NORMALIZED MODE MATRIX SUHHARY

PERCENT 1DLE
PERCENT CRUISE

PERCENT ACCELERATION
PERCENT DECELERATLON

oo

0.236
N.141
0.244
0.167
0.224
0.354
0.857
3.450
Nek4)
0.128
0;061

0.020

0.010

13.060
31.502
29.158
26.303

45

0.501
0.092
0.051
0.091
0.059
0.083
0.119
0.228
0.483
2.021
0.319
0.109
0.053

0.016

50

0.140
0.028
0.021
0.031
0.030
0.037
0.048
0.066
0.145
0.340
1.535
0.317
0.109
0.031

59 -

0.052

0.012.

0,013

0.023
0.023
0.031
0.038
0.030
0.063
0.134
0.330
1.806
0.323

0.098

60

0.018
0.006
0.007
c.018
0.015
0.024
0.022
0.014

C.028

65

0.010
0.002

0.CCS

0.027

0.008

0.020
0.02?
0.017
0.019

0.015

0.040

0.107
0.292
2.291
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‘are over 52.5 mph. This is less than half of che estimate from the SRL
five-city composite. The big difference in the percentages could be due

in part to the fact that 26% of the total 7.4806 miles of the UDDS are
freeway miles while 32% of the total survey wmiles in all five cities

were freeway travelled miles. This Jarge difference in the freeway
percentages results from a difference in SRL's and EPA's dafirition of
urban area. SRL included in theiyr urban definicion the entire metropolitan
area that comprised both the central city and the suburban areas. EPA
defined urban as a six mlle radius area from the Central Business District.
An increase in the amount of driving cutside the central city would

result in an increase in the percentage of freeway and thus high speed
travel. ’ ’

C. GM Chase Car Survey

The G Chase Car survey was conducted in 1974 in twelve major metro-
politan areas in the United States.’ Chase cars were instrumented to .
monitor several driving parameters while following a vshicle and duplicating
its operation. The data was primarily grouped according to the different
road types travelled on,.some of which were rural, urban, highway, and
non-highway type of roads. 1In this section, the amount of driving over
50 mph monitored by the G chase cars on each of these four rcad types
will be presented and discussed. The data will alsc be compared to the .
same statistics computed from both the UDDS and the HDDS wherever this
comparison can be made, However, final conclusions must not be drawn
from these comparison since an extensive EPA study revealed that for
several reasons the GM Chase Carssgrvey results were not rcpresentative
of the national driving pattern. '’ ‘ '

The percentage of miles and time spent in various speed bands for the
HDDS and GM chase car data are presented in Tables 8 and 9. Tables

10 and 11 compare the GM urban data with the EPA UDDS data for the same
speed bands. The percentages for speeds over 52.5 mph derived from
these tables for the EPA schedules will not correspond exactly to the
amounts reported in the previous sections. The reason for this differencc
is because GM developed a computer program to evaluate the chase car
data and this same program was cmployed to analyvze the EPA schedules.
The percentages provided in the previous sections were derived by a
simple count of the speed points over 52.5 mph divided by the tctal
number  of points. A more comprehensive description of the GM chase car
and EPA comparison techniques can be found in Reference 9.

Tables 8 and 9 indicate that CM monitored a larger amount of vehicle
operation over 52.5 mph than is reflected by the HDDS. The same obser=-
vation can be made from Tables 10 and 11. The percent of miles and time
spent in spceds greater than 52.5 mph for both EPA and GM are found
directly below each table. . '

From Figures 5 through 7 we can extract the percent of miles travelled
at speeds greater than 52.5 mph for highways, non-highways and all road



Table 8

Percentage of Miles Spent in Speced Bands
mph + 2,5 mph 0 5 10 15 20 25 30 35 40 45 . 50 55 60 70 5
EPA HDDS .05 1.08 |.10 |.22 |.24 | .68 | L.47 | 3,54 18,11 |26.41|17,72 38.02} 3.37 0 0
GM Rural RT .01 .10 |.21 1.39 |.85 .26 | 2.229 3,34 |5.71 | 8.59)16.08{ 24.68{20.08 {9.14 }5,37 } 1.24
E.Pz\ HDDS GM Rural RT
Percent Miles -52.5 mph W39 60.51
L
o
w
i
Table %
Percentage of Time Spent in Speed Bands
mph + 2.5 mph O 5 10 15 20 25 +30 35 40 45 50 55 60 65 70 75
EPA HDDS 5,07 .51} .38 | .64 .s1| 1.14f 2.16] 4.57 9.02] 26.43) 16.26] 31.64} 2.67) O 0 0
GM Rural RT 1.25} .96{1.01 | 1.27] 2.07| 2.46| 3.62| 4.65| 6,97} 9.33{ 15.68] 22.06| 17.13} 6.92| 3.79| .83
EPA_HDDS GM Rural RT
50.73 '

Percent Time >52.5 mph P&.3.

Source: Elwood Vogt, "Analysls of 'GM Chase Car Data)' EPA Report.




Table 10

Percentage of Miles Spent in Spced Bands

mph Y 2.5mh 0 -5 . 10 15 20 25 30 35 . 40 45 50 55 60 55 70 75
EPA UDDS ,84. 2.38 3.78 8.68 18.53 27.90 9.77 6.68 1.27 . 4.46 8.61 7.10
.GM Urban RT .62 1.84 3.75 5.84 8.52 13.88 16.47 14.91 10.80 - 7.57 .7.02 6.07 2,31 .35 .06 .01
) EPA 1DDS (M Urban RT
D o a0 3 e ] D e
Farcent Miles >32.5 mph 7710 8_80
Table 11
_ Percentage of Tire Spent in Speed Bands
mph MER mph 0 5 10 15 20 25 1) 35 40 45 50 55 60 65 70 754
EPA UDDS 24,56 6.03 5.81 9.59 16.06 20.128 5.96 3.63 .58 1.82 - 3.20 2.47 : T
GM Urban .. : . . :
RT 16.79 6.01 7.34 8.18 9.8 12.51 12.59 . 9.91 6.32 3.95 3.31 2.62 .92 .13 .02
' " EPA_UDDS GM Urban RT |
Percent Time >52.5 mph 7.47 3.69

Source: Elwood Vogt; "Analysis of GM Chase Car Data,'" EPA Report.
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types combined. These percentages can be found directly under each
figure. It should be noted that these distributions and percentages are
not weighted by the fraction of national driving mileage accumulated
annually on each road type. is was one of the reasons given for
concluding that the survey's results were not representative of the
national driving pattern. The road types that fall into GM's classi-
fication of highway znd non-highway are listod below:

Highway Non-Highwav
Lxpressway Suburban Artery
Expressway-Business Route Rural Unpaved
Rural Highway Urban Artery

Strip Commercialism

Surburban - ¥o Curb

Surburban - Curb

Surburban - Unpaved

Central Business District Parking
No Parking

Urban

Shopping Center/Parking Lot

The highway road types appear to be comparable to the HDDS's road
representation. Tné percent of miles travelled over 52.5 wph, 59%,
estimated from-Figure 6 for highway driving is actually very close to
the 60.57 estimated frem Table 8 for rural driving. Therefore, a com-_
parison  of GM highway data to the HDDS also ir-dicates that GM monitored
more high speeds than the EPA schedule accounts for.

Conclusions

The main conclusions of this report for vehicle operation over 50 mph
are:

1. Data reported by the Federal Highway Adminisuration (FliwA) indicate
that for free-flowing traffic in the United 3tates, cver half of the
passenger cars travelled at a speed grester than 50 mph in both 1974 and
1975.

2, Approximately 54.87 in 1974 and 63.17 in 1975 of the total U.S.
Vehic¢le Miles Travelled (VMT) were conducted at speeds greater than 50
mph when the traffic was free-flowing.

3. - The percent of VMI at speeds exceeding 50 mph for rural roads (with
free-flowing traffic) 1is approximately €8.8% for 1974 and 77.07% .for
1975. These percentages are significantly larger than the 54.0Z for the
EPA Highway Dynamometer NDriving Schedule (HDDS). Since the HDDS is
basically a free-flowing traffic cycle it appears, that the HDDS does
not include sufficient real-world.high speeds. This is due largely to
the fact that the HDDS represents rural driving in the southeastern part
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of Michigan and a freeway segment in northern Ohio socn after the enforce-
ment of the 55 mph speed limit in Ohio. The driver flowed with the
traff:ic when possible, and when he was not in traffic he purposely
maintained a maximum speed of 55 mph in order to reflect the anticipated
naticnwide 55 mph speed limit,

4, The data from a study conducted by Scott Research Laberateries
reveals that 10% of the average urban operation time is spent lii speeds
greater than 52.5 mph. The EPA Urban Dynamometer Priving Schedule
(UDDS), representative of Los Angeles city driving in 1969, has 3.87% of
its speed points over 52.5 mph, less than halif of SKL's estimate.

5. A comparison of the GM chase car data to the URDS arnd HDDS indicates
that GM monitored more high speeds than the EPA scheduies account for.
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